After microinjection of hemoglobin mRNA from rabbit reticulocytes (9S mRNA) into Xenopus laevis oocytes, the cytological structure remains normal. The peroxidase reaction does not show an accumulation of synthesized hemoglobin in the germinal vesicle. Fertilized Pleurodeles Waltlii eggs synthesize rabbit hemoglobin after injection of 9S mRNA; hemoglobin synthesis decreases as development progresses. Micromeres and macromeres synthesize equal amounts of hemoglobin, despite the fact that the micromeres contain many more ribosomes. Descendants of injected blastomeres divide more slowly and do not differentiate; they ultimately undergo cytolysis.
It has been shown by Gurdon et al. (1, 2) that when 9S mRNA molecules isolated from rabbit reticulocytes are microinjected into oocytes of Xenopus laevis, the message is immediately translated and rabbit hemoglobin is synthesized. These experiments demonstrate several important points: (i) 9S mRNA from reticulocytes really contains hemoglobin mRNA; (ii) amphibian oocytes contain a large excess of unprogrammed ribosomes that can bind mRNA molecules of foreign origin; (iii) these oocytes possess all the machinery required for the synthesis, directed by a foreign mRNA, of a specific protein. Translation of one hemoglobin mRNA molecule occurs every 5-10 min; hemoglobin synthesis lasts for more than 24 hr arid is puromycin sensitive. The site of hemoglobin synthesis is the cytoplasm, since it proceeds-although at a slower rate-in anucleate or ultraviolet-irradiated oocytes. It was further shown (1, 2) that there is no competition between 28S ribosomal RNA (rRNA) and hemoglobin mRNA in this system. These experiments still raise many questions. We have tried to answer the following ones: (i) Does synthesis of a foreign protein, such as rabbit hemoglobin, modify the cytological structure of an injected amphibian oocyte? (ii) Can one detect hemoglobin synthesis in the injected oocytes by the peroxidase reaction? If so, does hemoglobin remain in the cytoplasm or does it accumulate in the germinal vesicle? (iii) Does hemoglobin synthesis occur in fertilized eggs and developing embryos, where the importance of endogenous protein synthesis continuously increases during development?
(iv) If fertilized eggs synthesize rabbit hemoglobin after injection of 9S mRNA, is there any effect on development? (v) Is there a difference in the amount of hemoglobin produced when 9S mRNA is injected into the micromeres or the macro-543 meres? It is known that the micromeres contain many more ribosomes than the macromeres, as shown by the existence of a polarity gradient in ribosome distribution (4).
MATERIALS AND METHODS
Experiments designed in order to answer the first two questions were done on oocytes of Xenopus laevis. In an attempt to answer the last three questions, fertilized eggs of Pleurodeles Waltlii were used, because they are larger than those of Xenopus and are better able to withstand microinjection. 9S mRNA was prepared from rabbit reticulocytes by sodium dodecyl sulfate treatment of the 14S ribonucleoprotein particles separated from polyribosomes by EDTA (5) . Ribosomal subunits obtained by the same method were used as a source of rRNA, which was isolated by the same method as 9S mRNA. Rabbit hemoglobin, twice recrystallized, was obtained from Pentex Laboratories. The concentration of 9S mRNA varied from 600 to 1000 ,ug/ml; reticulocyte polyribosomes, which were injected in a few experiments, were used at a concentration of 40 mrg/ml. Reticulocyte rRNA was used, in control experiments, at a concentration of 1 mg/ml. The injection medium was Barth's solution (6) , and the injected volume was 50 nl. The concentration of 9S mRNA and the injected volume were the same in the experiments with Xenopuq occytes and with Pleurodeles eggs; since the latter are larger than the former, the concentration of the injected mRNA, on a per-egg basis, was about eight times smaller in the experiments with Pleurodeles than in those with Xenopus.
For biochemical detection of hemoglobin synthesis, the embryos were injected with [3H Ileucine (6 mCi/ml; 30 Ci/ mmol). After incubation, the embryos were homogenized in the presence of carrier hemoglobin. The homogenate was then centrifuged at low speed, and the supernatant was chromatographed on Sephadex G-100, as described by Lane et al. (2) .
For cytochemical detection of hemoglobin in the injected oocytes, the benzidine-H202 peroxidase test of Prenant (7) was used. The oocytes were left for 5-10 min in acidified (acetic acid) benzidine; the surrounding erythrocytes were carefully removed with watchmaker's forceps. The oocytes were then cut into two pieces, hydrogen peroxide was added, and the eggs were immediately observed under a dissection microscope.
For cytological studies, oocytes and eggs were fixed with Zenker acetic, paraffin embedded, and stained with methyl- five controls were examined. No important differences were found, except that 3 of the 12 injected oocytes showed signs of precytolysis (absence, or basophilic staining, of the germinal vesicle). In general, the injected oocytes had smaller germinal vesicles, which were surrounded by more basophilic material, and showed particularly well the loops of the lampbrush chromosomes.
Peroxidase Reaction. The benzidine reaction was negative in 12 oocytes injected with Barth's medium alone. A slightly positive reaction was observed in the cytoplasm of 10 oocytes that had been injected with 9S RNA; it was stronger on the second than on the first day after injection. No reaction was obtained in two oocytes that were undergoing cytolysis. The germinal vesicles of untreated oocytes gave a negative reaction (8) ; those of the injected oocytes showed a only very faint blue color, while the basophilic material that surrounds them and that corresponds to accumulated ribosomes and polysomes gave a distinctly positive test.
The experiments show that there is no detectable accumulation in the germinal vesicle of the hemoglobin that has been synthesized in the cytoplasm of the injected oocytes. This conclusion agrees with the results obtained by Gurdon (9) , who injected several labeled proteins into oocytes and found that only small basic proteins (histones, in particular), accumulate inside the nucleus.
Our results do not agree with older experiments of Holtfreter (10), who observed that hemoglobin easily penetrates into isolated germinal vesicles. It is probable that isolation of the germinal vesicle modifies the permeability of the nuclear envelope to large molecules. 4 ' -4 . * < . . P , i ; ; i t . S I . in oocytes (or to both), cannot be decided on the basis of these experiments.
In other experiments, equal amounts of 9S mRNA were injected into the micromeres and the macromeres at the 8-or 16-cell stage: the amount of hemoglobin synthesized was practically the same in both cases (Fig. 2, a, b ). This result shows that the cells present at the vegetal pole possess enough unprogrammed ribosomes for maximal translation of the injected foreign mRNA. As shown below, it is unlikely that noteworthy amounts of 9S mRNA move from one cell to another.
Effects on Development. 5 Different experiments were done and 156 eggs were cytologically studied (69 injected with 9S mRNA, 13 injected with reticulocyte rRNA, 7 injected with rabbit hemoglobin, 22 injected with Barth's medium, and 45 uninjected controls).
In about 55% of the cases, eggs injected with 9S mRNA stopped development at the blastula stage. The injected blastomeres showed hyperpigmentation, abnormal distribution of the basophilic material, and many mitotic abnormalities (cytasters, giant nuclei, pluricentric mitoses, chromatin bridges between blastomeres, etc.). Such effects should be regarded as nonspecific, since they also occur after injection of proteins (10), nuclei (11), or after injury of the egg cortex (12) . Such early arrests of development are mainly the result of aneuploidy, due to abnormal distribution of the chromosomes in the daughter blastomeres.
More interesting are the embryos that underwent gastrulation: in 11 embryos injected with 9S mRNA at the 2-cell stage, gastrulation proceeded normally for 2 or 3 days. However, all the gastrulae were composed of a chimaeric association of large and small cells (Fig. 3, a,b) ; a considerable part of the gastrulae was formed of large cells, with big nuclei, in which the nucleoli were either absent or reduced to a faintly basophilic ring. These large cells had retained all the characteristics of the late-blastula stage, while the rest of the embryo was composed of typical gastrular cells. The border between the two types of cells was always very sharp, and no cells of intermediate size could be found. It is extremely likely that the retarded cells originated from the injected blastomere, but this could not be definitely proven since the peroxidase reaction for hemoglobin is not sensitive enough for that purpose. The lack of transition between the large and small cells suggests that the mRNA injected at the 2-cell stage did not move from one blastomere to the other. Such chimaeric gastrulae, containing large blastular cells, were never found after injection of reticulocyte rRNA or Barth's medium alone.
with poorly developed nucleoli, comparable to those present in an early gastrula (Fig. 3d) . These cells finally underwent pycnotic degeneration, so that most of the embryos, on the fifth day, were essentially normal.
There seems to be little doubt that the cells descending from the blastomere that had been injected with 9S mRNA underwent a delay in development; at the time they should have differentiated, these cells cytolyzed and their elimination allowed good embryonic regulation. This selection in favor of the healthy cells, as a result of the slower multiplication and ultimate death of the cells that presumably had synthesized hemoglobin, agrees well with the fact that rabbit hemoglobin synthesis becomes hardly detectable 3 days after injection of 9S mRNA.
The delay in development of the descendants of the injected blastomere might be due to either or both of two different reasons: accumulation of rabbit hemoglobin or aneuploidy resulting from injury after injection. Cytophotometric measurements made on normal and retarded cells have shown that both have the same DNA content; their histograms are identical (Fig. 4) . Gross aneuploidy can thus be ruled out as the major cause of developmental delay or arrest.
In a series of control experiments, rabbit hemoglobin (30 mg/ml) was injected into one of the two blastomeres at the 2-cell stage of Pleurodeles eggs; only 1 egg (out of 15) withstood the injection of 50 ml of hemoglobin solution. After 1 day, this egg was an arrested partial blastulae, containing giant polyploid nuclei in the vegetal half. When the injected volume was reduced to only 15 nl, abnormalities similar to those depicted in Fig. 3 (mosaic of blastular and gastrular cells, presence of scattered large cells, localized pycnotic areas, and asymmetry of the axial organs at later stage). Fig. 3c shows an extreme case of an asymmetric neural tube; half of it is made of undifferentiated or degenerating cells. But, as in the experiments in which 9S mRNA was injected into PleurodeleS eggs at the 2-cell stage, embryonic regulation frequently occurred in the embryos that had been with hemoglobin, after 4-5 days, development was almost normal.
